T
here is a growing consensus that the effects of low-vision rehabilitation must be measured in terms of the patient's self-reported ability to perform daily activities. [1] [2] [3] In the few vision rehabilitation outcome studies that involved rating-scale questionnaires, such as the 25-item National Eye Institute Visual Functioning Questionnaire (NEI VFQ-25), small improvements after intervention were reported. 4 -6 However, in all such studies, sums of ratings across items (i.e., Likert scores) were used as the summary measure of each person's functional ability or quality of life.
Aside from the limitations of Likert scores as measures, 7 Likert scoring of rating scale questionnaires can underestimate the effects of rehabilitation if there are nonresponsive items. 8 In other words, if a questionnaire contains items that are not relevant to the rehabilitation efforts, then one would expect patient post-rehabilitation responses to be unchanged from pre-rehabilitation responses. For example, if there are items that ask the patient to rate the difficulty of mobility tasks intermingled with items that ask about the difficulty of reading tasks and the intervention is limited to stand magnifiers, then one would expect changes in responses to the reading tasks only. From this example, we can see that the conclusions drawn about the effectiveness of rehabilitation depend on the choice of items in the questionnaire. This type of differential item-functioning with respect to the effects of rehabilitation was observed in an earlier vision rehabilitation outcome study of two Veterans Affairs (VA) rehabilitation programs. Using Rasch analysis with the NEI VFQ-25 (plus supplement), that earlier study demonstrated that the change in difficulty of some items after rehabilitation was more than the change for others. 8 Only 7 of the 34 items tested were sensitive to change after rehabilitation: reading ordinary print in newspapers (item 5); going out to see movies, plays, or sports events (item 14); reading small print in a telephone book, on a medicine bottle, or on a legal form (item A3); figuring out whether bills are accurate (item A4); see well up close (item 6); reading street signs or the names of stores (item 8); and seeing and enjoying programs on television (item A8). Only 4 of these (items 5, 14, A3, and A4) were sensitive to change after rehabilitation in both rehabilitation programs. When pre-rehabilitation item ordering was compared to postrehabilitation item ordering, disagreement was observed because of those items that were selectively responsive to rehabilitation.
In response to the measurement shortcomings of some instruments, the Veteran Affairs Low Vision Visual Functioning Questionnaire (VA LV VFQ-48) was developed to serve as a patient evaluation tool and an outcome measure for vision rehabilitation. 9 -12 Items were chosen to reflect activities that patients with visual impairment report are important to them and are addressed by rehabilitation programs. The VA LV VFQ-48 is administered by telephone to record patients' selfreports of the difficulty they experience performing daily activities. The instrument was developed by a team of clinicians, rehabilitation specialists, scientists, research staff, and persons with vision loss using a modified Delphi Method and validated by Rasch analysis using the Andrich Rating Scale Model. Development of the VA LV VFQ-48 and its psychometric properties are described in prior publications. 9 -12 The advantage of using the Andrich Rating Scale Model is that responses to the items on the questionnaire can be interpreted in terms of latent person and item variables that are the theoretical objects of measurement. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Person and item measures have equal status in the model. Theoretically, the difference between person and item measures is functional reserve. Functional reserve is defined as the difference between the visual ability a patient possesses and the visual ability needed to perform the activity. 23, 24 The visual ability of each patient is dependent on the extent and type of visual impairment. A patient finds an activity easy to perform when his or her visual ability exceeds that necessary to perform the activity. When visual ability is only slightly greater than what the activity requires, a patient's functional reserve is limited, and the activity is reported to be more difficult. When visual ability is less than that required by the activity, functional reserve is negative and the patient is expected to report that he or she cannot perform the activity at all. The difficulty rating selected by the patient when responding to the VA LV VFQ-48 question, "Is it difficult to. . . ?" is an estimate of functional reserve. The patient judges each activity to be not difficult, slightly or moderately difficult, extremely difficult, or impossible based on the functional reserve available before rehabilitation and the increase in functional reserve due to the effects of assistive devices and techniques to maximize residual vision and/or substitute for visual information that are expected to make activities easier to perform after vision rehabilitation. Changes in functional reserve may occur on an item-by-item basis.
The change in functional reserve after rehabilitation can be assigned as a change in either the person or item measure, or both. There are four methods to parse the change into its components: (1) Pre-and post-rehabilitation item measures can be anchored to the items that exhibit the smallest change, the average of which is then transferred to post-rehabilitation person measures. All other changes are assigned to the items and/or persons. This technique was used for analysis of the pre and post low-vision-rehabilitation ratings on the NEI VFQ-25. The small 0.3 logit (log odds) change in the anchor items was assigned to the person measures; the rest of the change in post-rehabilitation appeared in the items. (2) Rasch analysis is performed separately for pre-and post-rehabilitation ratings and the pre-to post-rehabilitation scales are compared by normalizing all measures to the average item measure change from pre-to post-rehabilitation. In the NEI VFQ-25 data previously reported, 7 of 39 items stood out as exhibiting the largest change. The rest of the items fell on a regression line parallel to the identity line. For this reason, method 1 was used, assigning the smallest change to the person measures and rescaling all the items. If method 2 had been used in the analysis of the NEI VFQ-25 data, the average effect of rehabilitation would have been very small, because the many items that did not change would have diluted the effects of intervention.
The last two methods, which were used in the present study, involve "racking" and "stacking." 25, 26 (3) Racking refers to aligning the pre-and post-rehabilitation items side by side in the data matrix, as if they are different items. This method assumes that the person measure does not change as a result of the intervention and that all the change between pre-and post-rehabilitation occurs in the item measures. (4) The fourth method is to stack the pre-and post-rehabilitation ratings in the data matrix as if there are two different groups of respondents (stacking technique). This method assumes that no change occurs in the item measures and that all the change from preto post-rehabilitation occurs in the person measures.
We already have established that the VA LV VFQ-48 is a valid and reliable measure of visual ability for a sample of legally blind patients seeking services in an inpatient VA Blind Rehabilitation Center (BRC) and in a variety of outpatient low-vision rehabilitation programs. 9 -12 The present paper takes the next step in validating the VA LV VFQ-48 as an outcome measure by evaluating its sensitivity and differential item functioning to changes that result from vision rehabilitation. Secondarily, we offer estimates of effect sizes from changes in VA LV VFQ-48 measures for different types of vision rehabilitation programs.
METHODS

Instruments
The VA LV VFQ-48 includes four questions. (MEEI) . The VA sites include a suburban hospital (Hines) and an inner-city medical center (Jessie Brown). The private sector sites include a not-for-profit agency (Deicke Center) located in the Chicago suburbs and a hospitalbased rehabilitation service located in a major city (MEEI). The Deicke Center, MEEI, and VICTORS are outpatient low-vision rehabilitation programs that serve a representative sample of patients with low vision who are referred or self-refer to low-vision clinics. These programs primarily provide low-vision evaluation, prescription of low-vision devices, and instruction in their use (average of two therapy sessions for Deicke Center and MEEI, four therapy sessions for VICTORS). The Hines BRC is a comprehensive inpatient program that serves only legally blind veterans. The multidisciplinary team at the Hines BRC provides evaluation, psychosocial intervention, recreation, and classes in orientation and mobility, living skills, manual skills and visual skills (a mean of 40 days' hospital stay). A control group consisted of subjects on the waiting list for services at Hines VA who had not participated in low-vision services or comprehensive blind rehabilitation. The control group was used to validate stability of the measurement over time. Because the population of patients at the Hines BRC is more severely visually impaired, and the program is more comprehensive the outcomes for the outpatient low-vision rehabilitation pro- The analysis of the VA LV VFQ-48's sensitivity to change after vision rehabilitation is based on data from 285 subjects (139 subjects from Hines BRC, 34 subjects from VICTORS, 54 subjects from Deicke, 28 subjects from MEEI, and 30 control subjects from the Hines Outpatient Low Vision Rehabilitation/Eye clinic who participated only in the test-retest evaluation). The VA LV VFQ-48 was administered by telephone before rehabilitation and 3 months after rehabilitation. A total of 116 subjects participated from the outpatient low-vision programs and 136 subjects from the inpatient Hines BRC program.
The inpatient BRC and control group patients were 93% male; whereas, the outpatient low-vision program patients were 62% male. A higher proportion of patients were male due to the veterans participating in both groups. Most older veterans are male due to recruitment into the armed forces during World War II, the Korean Conflict, and the Vietnam War. The mean age of the patients was 71 years in the inpatient BRC group (SD 11.3; range, 42-87), 73 years in the control group (SD 9.4; range, 49 -88), and 74 years in the outpatient low-vision programs (SD 12.4; range, 27-90). The most frequent eye diagnoses were macular degeneration (69% inpatient BRC, 50% control group, 67% outpatient low-vision rehabilitation programs), diabetic retinopathy (11% inpatient, 27% control, 14% outpatient), glaucoma (8% inpatient, 8% control, 7% outpatient) and neurologic disorders (5% inpatient, 5% control, 7% outpatient). The habitual visual acuity of subjects is described in Table 1 .
Patients who participated were required to complete the questionnaire independently. Surrogates (e.g., family members) were not allowed to assist or complete the questionnaire, to ensure that the responses were self-reports based on the patient's perception of difficulty performing activities. Eight patients with serious health conditions (e.g., major depression, terminal illness) where issues of respondent burden were a concern were excluded by clinicians at each site, using medical information that was available at the site. Clinicians at the sites also excluded 11 patients with severe cognitive loss who could not reliably self-report the difficulty they experienced with daily activities. The study was conducted in compliance with the tenets of the Declaration of Helsinki for research in human subjects. 27 Informed consent was obtained according to the protocol requirement of the local institutional review board (IRB) for each facility, with oversight from the IRBs at Hines Hospital and the University of Illinois at Chicago.
Two trained interviewers located at the Department of Ophthalmology, University of Illinois at Chicago, conducted interviews for the FIGURE 1. Estimated response category thresholds for post-rehabilitation data (step measures) were nearly identical with estimated response category thresholds for pre-rehabilitation data. Estimates were derived from Rasch analyses performed on pre-rehabilitation data alone (Isolated Pre-rehab Measure), post-rehabilitation data alone (Isolated Post-rehab Measure), racked data for pre-rehabilitation items (Racked Pre-rehab Measure), racked data for post-rehabilitation items (Racked Post-rehab Measure), and stacked data for pre-and post-rehabilitation responses combined (Stacked Pre/Post-rehab Measure). The last three columns list the infit mean squares for the prerehabilitation data alone (Isolated Pre-rehab Infit MNSQ) and for the stacked data for pre-and post-rehabilitation combined (Stacked Pre/Post Infit MNSQ) and the ratio of these two mean squares (MNSQ Ratio). 
Analysis
Rasch analysis 21, 22 with the Andrich Rating Scale Model was run separately for the pre-and post-rehabilitation item difficulty ratings of the 285 subjects. 28 Rasch analyses were repeated with pre-and postrehabilitation data racked as one group of persons responding to two different sets of items, and, again, with pre-and post-rehabilitation data stacked as two different groups of persons responding to one set of items. For each type of analysis, Winsteps provided estimates of person measures, item measures, and response category thresholds. 29 It also provided estimates of mean square fit statistics for each person and item and estimates of separation reliabilities for distributions of person and item measures. Because all estimates are based on interval scales and are approximately normally distributed, parametric tests, and Pearson correlations were used in the statistical analyses.
Because the effects of vision rehabilitation can be item-specific, we examined changes in item measures from before to after rehabilitation. Within classic test theory, changes in item difficulty between populations (i.e., conditional probability of a correct answer) is called DIF. In the present study, the two groups under consideration consisted of the same patients, but before and after rehabilitation. If the person's vision were changed by the intervention, we would expect only a change in the person's ability and no change in item measures. In this example there would be no evidence of DIF. However, low-vision devices and adaptive training can make the activity described by an item more or less difficult without affecting the difficulty of other activities. For example, a magnifier could make it easier to read newspapers and magazines (item 34), but have no effect on the person's ability to get down steps in dim light (item 23). In this example, the use of a magnifier causes DIF. To look for evidence of DIF, we statistically compared changes in item measures from before to after rehabilitation. A t statistic was estimated for each item by taking the difference between pre-and post-rehabilitation item measures and dividing by the square-root of the sum of squares of the standard errors of the estimate (degrees of freedom determined by the number of respondents to each item). The ␣ level was corrected for multiple item comparisons by using the Bonferroni method.
RESULTS
In our earlier validation study of the VA LV VFQ-48, 9 we observed disordering of the response category thresholds, with underutilization of two of the response categories. As illustrated by the scatter plot in Figure 1 , the estimated response category thresholds for post-rehabilitation data (called "step measures" in Winsteps) were nearly identical with estimated response category thresholds for pre-rehabilitation data.
The same disordering of category thresholds was seen for both the pre-and post-rehabilitation data (i.e., the category 2 threshold preceded the category 1 threshold). Consequently, as before, we combined the responses for categories 2 and 3 and reanalyzed the data. All results presented in this article are based on analyses using the recoded response categories. Table 2 lists each of the items in the VA LV VFQ-48 and the item measures and standard errors estimated from Rasch analyses of pre-rehabilitation data alone, post-rehabilitation data alone, racked pre-rehabilitation data, racked post-rehabilitation data, and stacked pre-and post-rehabilitation data. Also included are the infit mean squares for each item for the pre-rehabilitation data alone, and for the stacked pre-and post-rehabilitation data.
Evaluation of DIF
DIF occurs if the post-rehabilitation item measure is significantly different from the pre-rehabilitation item measure. 21, 30 Figure 2 illustrates a scatterplot of pre-versus post-rehabilitation item measures when Rasch analysis was performed separately on the two sets of data (isolated measures in Table 2 ).
The error bars represent 99% confidence intervals. The seven points labeled with item numbers exhibited significant DIF. That is, after correction for multiple comparisons, these items required significantly less ability (i.e., easier) after rehabilitation than before rehabilitation (P Ͻ 0.05 with Bonferroni When the analysis is performed on stacked pre-and postrehabilitation data, DIF would be manifested by greater infit mean squares relative to mean squares estimated from prerehabilitation data alone. This manifestation of DIF in the mean squares is expected because the pre-rehabilitation ratings will be more difficult than the post-rehabilitation ratings for those items with DIF, giving rise to greater response variability relative to the response expected by the model. The last column of Table 2 lists the ratios of the infit mean squares for the two sets of item measures (analogous to F ratios). The ratios are not significantly different from 1.0 for most items. The items that exhibited DIF in Figure 2 , did not show any evidence of DIF in the ratio of mean squares. The only items that suggested the possibility of DIF in the analysis of stacked data were read print on TV (item 37) and play sports, (item 45).
When the analysis is performed on racked pre-and postrehabilitation data, DIF should be exaggerated, because all differences between pre-and post-rehabilitation responses are assigned to the item measures. Figure 3 illustrates a scatterplot of pre-versus post-rehabilitation item measures estimated from an analysis of the racked data. Forty-four of the 48 items (92%) fall below the identity line, but on a parallel trend line. On average, for these items the post-rehabilitation item measure is 0.8 logit less than the pre-rehabilitation item measure (dashed line). The pre-rehabilitation item measures were not significantly different from the post-rehabilitation item measures for four of the items (physically get dressed [item 1]; eat and drink neatly [9] ; recognize people across the room [30] ; and play sports [45] ) were significantly less difficult post-rehabilitation than would be expected from the average change in item measure from pre-to postrehabilitation (relative to the dashed line). All these items, except item 32, exhibited DIF when separate analyses were performed on pre-and post-rehabilitation data (Fig. 2) .
For the five items that were significantly different from the average, the magnitude of DIF relative to the overall change in item measures from pre-to post-rehabilitation ranges from 0.47 to 0.83 logit. Although there is evidence of rehabilitationdependent DIF in the VA LV VFQ-48, particularly for reading items, the main effect of rehabilitation on item measures is a constant decrease in required visual ability across all but four items, which can be interpreted as a constant change in person measures. Therefore, from the comparison of pre-to postrehabilitation item measure estimates in Figure 2 , the lack of effect of DIF on mean square fit statistics, and the significant relative DIF limited to a small number of items in the racked data analysis, we conclude that for the VA LV VFQ-48, DIF does not play a significant role in the outcome measures and the effects of rehabilitation are manifest as person measure changes.
Based on this conclusion, we chose to stack the pre-and post-rehabilitation data to analyze the effects of rehabilitation on person measures of visual ability. By stacking the data, we constrained the item measures to be the same before and after rehabilitation and forced all effects of rehabilitation to manifest in the person measures. Figure 4 illustrates that the item measures from the analysis of the stacked data agreed with both pre-and post-rehabilitation item measures.
Similarly, Figures 5a and 5b illustrate that the estimates of person measures from the stacked data agree with the person measure estimates for pre-and post-rehabilitation data analyzed separately.
Evaluation of the Effects of Vision Rehabilitation
Figures 6a-c compare pre-to post-rehabilitation person measure distributions for the inpatient BRC program (inpatient group; Fig. 6a ), combined outpatient low-vision programs outpatient group) group (Fig. 6b) , and the control group that did not receive rehabilitation services between measures (Fig. 6c) . For the inpatient group, the average person measure is 0.66 logit (SD ϭ 0.69) before rehabilitation and 2.18 logits (SD ϭ 0.76 logit) after rehabilitation (two-tailed paired t-test P Ͻ 0.0001). For the outpatient group, the average person measure was 1.52 logit (SD ϭ 1.18) before rehabilitation and 1.85 logit (SD ϭ 1.34 logit) after rehabilitation (two-tailed paired t-test P ϭ 0.0022). For the pre-rehabilitation control group, the average person measures were 0.71 logit (SD ϭ 0.86) for the initial test and 0.87 logit (SD ϭ 0.93) for the retest (2-tailed paired t-test P ϭ 0.064).
In the inpatient group (Fig. 7a) , 10 patients (7%) fell on the identity line (no change in visual ability post-rehabilitation), but the other 129 patients (93%) fell significantly above the identity line (improved visual ability after rehabilitation). Postrehabilitation person measures are significantly correlated with pre-rehabilitation person measures for the inpatient group (r ϭ 0.42; P Ͻ 0.0001). Similarly, in the outpatient group (Fig. 7b) , 43 patients (37%) fell on the identity line (no change in visual ability after rehabilitation), 14 patients (12%) fell significantly below the identity line (decreased visual ability after rehabilitation), and the remaining 59 patients (51%) fell significantly above the identity line (improved visual ability after rehabilitation). For the outpatient group, post-rehabilitation person measures correlated significantly with pre-rehabilitation person measures (r ϭ 0.61; P Ͻ 0.0001). As reported previously, 9 the control group exhibited a strong correlation between test and retest person measures (r ϭ 0.86; P Ͻ 0.0001) with no significant change in visual ability between measurements.
The change in average person measure after rehabilitation is 1.49 logits for the inpatient group and 0.33 logit for the outpatient group. These changes represent effect sizes 31 of 1.9 (97th percentile) for the inpatient group and 0.29 (62nd percentile) for the outpatient group (corrected for paired comparisons). If accepted at face value, this nearly sevenfold difference in effect size could lead us to the conclusion that the inpatient program is far more effective than the outpatient programs. However, the average pre-rehabilitation visual ability is 0.66 logit for the inpatient group and 1.52 logit for the outpatient group (a difference of 0.86 logit), whereas the average post-rehabilitation visual ability is 2.18 logit for the inpatient group and 1.85 logit for the outpatient group (a difference of 0.33 logit). The pre-rehabilitation differences in average visual ability most likely reflect differences in visual impairment eligibility criteria for the two programs: Patients must be legally blind to enter the inpatient BRC program, but the outpatient low-vision rehabilitation programs accept all patients; consequently, visual impairments range more broadly from mild to profound.
DISCUSSION
In the case of DIF, patients interpret the item differently before and after rehabilitation. Before rehabilitation, the patient is judging the difficulty of the item based on his or her customary way of performing the activity. After rehabilitation, the patient is judging the difficulty of the activity using dispensed lowvision devices and newly acquired skills that might be itemspecific. Low-vision devices in particular are targeted to change the difficulty of performing specific tasks and would not be expected to have an effect on the difficulty of other tasks. When DIF occurs, before and after rehabilitation responses must be compared for each item separately using statistical techniques that take into consideration multiple comparisons (e.g., Bonferroni correction). The power of the statistical analysis is reduced, and larger sample sizes are required to compensate for the multiple comparisons. It is more efficient and desirable to express all the rehabilitation effect as a person measure change. The VA LV VFQ-48 does not demonstrate significant DIF when comparing pre-to post-rehabili- ). (b) In the outpatient low-vision programs combined, the average post-rehabilitation person measure (visual ability ϭ 1.85 logits) is significantly greater than the pre-rehabilitation person measure (visual ability ϭ 1.52 logits; two-tailed paired t-test P ϭ 0.0022). In the test-retest group, the average post-rehabilitation person measure (visual ability ϭ 0.87 logit) is not significantly different from the average pre-rehabilitation person measure (visual ability ϭ 0.71 logit; two-tailed paired t-test P ϭ 0.064).
tation measures. Therefore, we can use the VA LV VFQ-48 to derive a single number, the person measure. Person measures estimated from patient responses before and after rehabilitation can be compared, to draw conclusions about the outcome of intervention.
If a questionnaire includes numerous items that do not change with high doses of the intervention being evaluated, then the measured effect will be small, because the items that do not change will dilute the effect of the items that do. Larger sample sizes are necessary for hypothesis-testing when outcomes are small. In the present study, all the items in the VA LV VFQ-48 were responsive to vision rehabilitation, which maximizes the sensitivity of the instrument as an outcome measure. The very small amount of DIF makes it possible to use a single number, the person measure, as the primary outcome variable.
There appears to be a significant dose-response relationship when outcomes of vision rehabilitation are measured with the VA LV VFQ-48. The magnitude of the effect depends on the rehabilitation program and the level of visual ability of the patient before rehabilitation. The person measures from the outpatient low-vision rehabilitation programs show a range of effects varying from significant improvement to a significant decrease in visual ability, whereas the more intense inpatient BRC program with the more visually impaired patients shows improvement for almost all patients.
Besides the obvious difference in program intensity, there are important differences between the patients served by the inpatient BRC and patients served by the outpatient low-vision rehabilitation programs. The mean pre-rehabilitation visual ability of patients in the outpatient low-vision programs is significantly higher (1.52 logits) than the pre-rehabilitation visual ability of patients in the inpatient BRC (0.66 logits). Figure 7b demonstrates that 12% of the patients in the outpatient low-vision programs decreased in visual ability after rehabilitation. It is likely that the decreases in visual ability are due to disease progression. Future studies with visual acuity measured concurrently with outcomes are needed to verify decreases in visual acuity that may occur during outcomes studies.
Comparison of outcomes from the inpatient BRC and the outpatient low-vision rehabilitation programs suggests that rehabilitation ceiling effects exist. The magnitude of change in person measure that can be achieved through vision rehabilitation may not depend solely on the dose of rehabilitation or the types of services and assistive devices that are provided. The distribution of pre-rehabilitation person measures may also limit the magnitude of change. Patients with more visual ability (less difficulty performing daily living tasks) before rehabilitation may have lower rehabilitation demand (less need for rehabilitation) than patients with lower visual ability (more difficulty performing daily activities) before rehabilitation. One consequence of a rehabilitation ceiling effect is that when low-vision outcome studies are conducted with patients having higher visual ability (less difficulty performing tasks) larger sample sizes will be necessary for hypothesis testing.
In conclusion, we have shown that in addition to being a valid and reliable measure of visual ability, 9 the VA LV VFQ-48 is a sensitive measure of changes that occur in visual ability as a result of rehabilitation. Patients' self reports of the difficulty they experience performing daily activities measured with this instrument can be used to compute a single number, the person measure that can serve as an outcome measure in clinical studies. The change in person measure from before to after rehabilitation is an expression of vision rehabilitation outcomes, because there is very little DIF from before to after rehabilitation. The VA LV VFQ-48 is responsive to the effects of inpatient VA blind rehabilitation and outpatient low-vision rehabilitation programs in both the VA and private sector. The VA LV VFQ-48 can be used to compare programs that offer different levels of intervention and serve patients across the continuum of vision loss.
